Serbian aromatized wine "Bermet" from grapes grown on Fruška Gora Mountain has been in production since the 15 th century. Ten commercial Bermets produced according to the traditional procedure by different manufacturers, and six prepared within the scope of this study were assessed for antioxidant (AO) activity using electrochemical, chemiluminescent and spectrophotometric AO assays. Direct current (DC) polarographic assay based on the decrease of anodic current of [hydrogen(peroxido)(1-)]hydroxidomercury(II) complex formation in alkaline H2O2 solution at potential of mercury oxidation, chemiluminescent H2O2 scavenging assay, as well as commonly used spectrophotometric assays (2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid (ABTS), 2,2-diphenyl-1
INTRODUCTION
Three categories of aromatized drinks can be distinguished by wine content, alcoholic strength, and presence of added alcohol: aromatized wines (vermouth, *Corresponding authors: fpastor@chem.bg.ac.rs https://doi.org/10.2298/JSC190404139G O n L i n e F i r s t bitter aromatized wine, egg-based aromatized wine), aromatized wine-based drinks (sangria, bitter soda) and aromatized wine-product cocktails. The globally known aperitif, aromatized wine "Vermouth", has been prepared since the 18 th century, from base red or white wine, by adding a mixture of herbs and spices or their extracts, sugar and alcohol or distilled wine (brandy). Some herbs and spices impart an aromatic flavour, while others bring bitterness. 1 Flavouring substances from the hydroalcoholic extracts obtained from macerates give specific prevailing flavours and cause significant changes in physical and chemical quality of the base wine. 2, 3 Addition of hydroalcoholic plant macerates to the base wines improves the organoleptic, physical and chemical properties of the flavoured wines. 4 Antioxidant properties of red and white Vermouth were investigated and compared with red and white wines used for their production. 5 Aromatized wine, made exclusively from grapes grown in vineyards located on the mountain Fruška gora (Serbia), is known under the name "Bermet". The tradition of viticulture in this vineyard area started during the Roman period, while production of Bermet dates back to the 15 th century. Production stopped during communist times, but restarted a few decades ago. International registration of "Bermet" as a protected national drink of Serbia with geographic origin is currently in progress.
Bermet is prepared in a similar way to Vermouth, from white or red grapes, by maceration of herbs, fruits and spices. It is produced by mixing wine (min. 60 % vol of Bermet content), extracts of herbs, fruits and spices, and sugar (50 -150 g L -1 ). The obtained blend is fortified to the desired alcohol content (usually 16 -18 % vol) with alcohol or wine distillate. Final maturation of Bermet takes place in oak casks or inox tanks. Different dried parts of various plants (herbs, fruits and spices) such as seeds, twigs, leaves, bark or roots are used. 6 Details of the extraction process differ between manufactures. Phenolic composition of Bermet is probably more complex than that of wine. Presence of bioactive compounds originating from herbs, fruits and spices could have a beneficial effect on moderate consumers' health, and there is a great interest to investigate their composition and activity. However, until now there have been no reports focused on quality characteristics or health-related parameters of Bermet.
Cyclic voltammetry (CV) 7, 8 and differential pulse voltammetry (DPV) 9 on glassy carbon working electrode (GCE) are most commonly used electrochemical techniques for AO activity determination in wines. There are several papers where CV and DPV on GCE were used in parallel to determine the AO activity of wines 10, 11 and their anthocyanins 12 . CV also was used in parallel to chronoamperometry for the evaluation of AO properties of red wines 13 . Red and white wines 14 were assessed for AO activity using a recently developed DC polarographic AO assay, based on the decease of the current of [hydrogen(peroxido)(1-)]hydroxidomercury(II) complex (HPMC) formation in O n L i n e F i r s t alkaline solutions of hydrogen peroxide at the potential of mercury oxidation, upon addition of antioxidants. 15 Applicability to turbid and coloured samples is a general advantage of electrochemical assays over spectrophotometry, while the renewable surface of dropping mercury electrode provides fast and reproducible DC polarographic measurements compared to methods employing solid electrodes.
Chemiluminescent assays, known for their quick procedure as well as sensitivity, were also used with various alcoholic beverages. Enzyme-free peroxyoxalate chemiluminescence (POCL) assay using 9,10-diphenylanthracene as a fluorophore 16 was used to assess H 2 O 2 quenching activity of wines 17 . On the other hand, martinis were assayed for their ability to quench luminescence, in a procedure in which hydrogen peroxide reacts with albumin-bound luminol. 18 The aim of this study was to provide an insight into the AO activity of Bermets. Three pairs of white and red Bermets, prepared within the scope of this study from various types of grapes, as well as 5 pairs of white and red commercial Bermets, each pair from a different manufacturer, were assessed for AO activity using DC polarographic, chemiluminescent and three different spectrophotometric assays (DPPH, ABTS, FRAP). Phenolic content determined by FC assay is also considered as the measure of total reducing activity. The results obtained were correlated using regression analysis, ANOVA and F-test. Relative antioxidant capacity index (RACI), calculated by assigning equal weight to all applied assays and phenolic antioxidant coefficients (PAC), calculated as the ratio between particular AO capacity and TPC, were used for a more comprehensive comparison between analysed samples, as well as the assays used.
EXPERIMENTAL
Chemicals and details about experimental procedures applied are given in supplementary materials.
Bermets and wines samples: Commercial Bermets, red (cR) and white (cW) were obtained from five vineries: Vinarija Kiš, Sremski Karlovci (cR1 and cW1), Podrum Šukac, Sremska Kamenica (cR2 and cW2), Vinarija Aleks, Novi Sad (cR3 and cW3), Vinarija Kovačević, Irig (cR4 and cW4) and Vinarija Živanović, Sremski Karlovci (cR5 and cW5).
Three red and three white bermets (10 L of each) were prepared within the scope of this study at the Experimental field Radmilovac, Faculty of Agriculture ). An extract containg 46 herbs (Paris quadrifolia L., Polygonum aviculare L., Teucrium montanum L., Salvia officinalis L., Achillea millefolium L., Mentha piperita L., Thymus serpyllum L., Thymus vulgaris L., Matricaria chamomilla L., Teucrium chamaedrys L., Artemisia absinthium L., Melissa officinalis L., Hawaiian hibiscus, Eugenia caryophyllata L., Pimpinella anisum L., Cinnamomum div., Vanilla planifolia, Rosa canina L., Juniperus communis L., Ceratonia O n L i n e F i r s t siliqua L., Origanum vulgare L., Hypericum perforatum L., Plantago lanceolata, Arctostaphylos uva ursi, Morus alba L., Rosmarinus officinalis L., Alchemilla vulgaris L., Ocimum basilicum L., Sambucus nigra L., Equisetum arvense L., Capsella bursa-pastoris L., Cassia officinalis, Rubus fruticosus L., Betula L., Crataegus oxyacantha L., Viscum album L., Foeniculum vulgare Mill., Erythraea centaurium Pers., Viola tricolor L., Quercus, Calendula officinalis L., Utrica dioica L., Tussilago farfara L., Anagallis arvensis L., Taraxacum officinale Web., Euphorbia cyparissias L., Ficus carica L.) and an extract of 8 fruits (Vitis vinifera, Prunus domestica L., Pirus malus L., Rubus idaeus L., Citrus aurantium L., Citrus limonum Risso, Citrus paradise) were added in quantity of 25 and 4 mL L -1 , respectively, to produce red and white Bermets. 19 All Bermets obtained at laboratory level contained 70 g/L of sugar, 2 g/L citric acid and 86 ml/L purified wheat alcohol (96% vol).
Spectrophotometric methods applied: Total phenol content (TPC) was determined according to a modified Singleton et al. 20 method. DPPH radical scavenging assay was performed according to Brand-Williams, Cuvelier & Berset 21 . The Trolox equivalent AO capacity (TEAC) was measured using ABTS radical cation decolorization assay. 22 The ferric reducing/antioxidant power (FRAP) assay was carried out as reported by Benzie & Strain. 23 Determination of AO capacity by DC polarographic HPMC assay: DC polarographic assay was used according to a previously reported procedure. 15 Determination of hydroxyl free radical-scavenging activity (SAHFR): Chemiluminescence (CL) was measured according to Parejo et al. 24 Determination of relative antioxidant activity index (RACI): Central tendency is most often used to compare the AO activity of complex food samples determined using multiple assays, 25 where samples are ranked based on the mean value and standard deviation of the assays used. Since the units and the scale of the data from various chemical methods are different, the data in each dataset should be transformed into standard scores, dimensionless quantities derived by subtracting the mean from the raw data, then divided by the standard deviation, according to the following equation:
( )
Standard score
where x represents the raw data, μ the mean, and σ the standard deviation. The standard scores of a given sample for different assays, when averaged, give a single unitless value named RACI, which is a specific combination of data from different chemical methods, regardless of the units they are expressed in and with no variance between them. Statistical analysis: Descriptive statistical analyses were performed using Microsoft Excel software (Microsoft Office 2007). Results were expressed as the mean±standard deviation (SD). Principal component analysis (PCA), used as a pattern recognition technique, was applied within assay descriptors to characterize and differentiate various analysed wine samples. Furthermore, the evaluation of correlation matrix, ANOVA and F-test, as well as PCA of obtained results were performed using StatSoft Statistica 10.
RESULTS AND DISCUSSION
A multilateral approach was used to determine a reliable AO capacity of 10 commercial Bermets and 6 Bermets prepared within the scope of this study at laboratory scale. A direct current (DC) polarographic assay, chemiluminescent assay and 4 spectrophotometric assays were used for each of the samples. A rapid, O n L i n e F i r s t simple and reliable AO assay based on the decrease of anodic current from HPMC formation in alkaline hydrogen peroxide solution, at the potential of mercury oxidation, upon addition of AOs, was developed and optimized by Sužnjević et al. 15 DC polarographic assay HPMC has previously been used on various individual phenolics, food samples 26, 27 and alcoholic beverages, including beer and spirits, as well as red and white wines 7, 28, 29 The chemiluminescence assay, based on the generation of hydroxyl free radicals, which oxidise luminol, leading to a sequence of reactions that end in light emission, has been used to evaluate the hydroxyl free radical scavenging activity (SA HFR ). 17 The peroxyoxalate chemiluminescence-based assay for the evaluation of H 2 O 2 scavenging activity, employing 9,10-diphenylanthracene as fluorophore, has been used on various wines. 18 We also used three spectrophotometric assays (ABTS, DPPH and FRAP), the most widely used in the analysis of complex food samples. Since it determines the total reducing activity, FC could be considered as a measure of AO activity. 30 The antioxidant activity of Bermets determined by the different AO assays: Polarographic anodic current decrease upon addition of Bermets was followed. Polarograms of the initial solution of hydrogen peroxide before and after addition of the tested samples are provided in Fig 1. The anodic current decreased upon gradual addition of analysed samples in a dose-dependent manner, as can be seen from Fig. 1 inserts. (Table I) . AO activity, determined polarographically, ranged from 48.3 to 201 % mL -1 . Red Bermets contained from 523 to 1835 mg GAE L -1 phenolics. TPC range in red wines, reported previously by Gorjanović 14 was 1700 to 2314 mg GAE L -1 . According to Arnous 16 and Kefalas 17 , aged red Greek wines showed higher variations, from 1217 to 3772 and from 620 to 4735 mg GAE L -1 . TPC of white wines ranged from 164 to 346. 14 The total phenolic content in base wines used to produce the small-scale Bermets was found to be higher than in commercial Bermets. Phenolic contents in white base wines were 209. 8, 199.5 and 193.7 , and in red base wines 1903.6, 1537.0 and 1430.3 mg GAE L -1 . According to the HPMC assay, the AO activity of the base white and red wines used for Bermets preparation was found to be higher than in the Bermets (145, 159, 196 The correlation between AO activities determined by different assays: Regression analysis at the significance level of (p < 0.05) revealed that Bermet AO capacity determined using HPMC assay correlated with TPC (0.885) O n L i n e F i r s t determined using a FC assay (Table II) . A better correlation between TPC and AO capacity of red and white wines determined by HPMC (0.997) was reported by Gorjanović 14 . SA HFR that ranged from 10.55 to 128.31 µM quercetin equivalents correlated well with TPC and HPMC (0.87 and 0.79, respectively). Correlation between SA HFR and TPC was in agreement with a previous study focused on wine (0.8363). 31 Correlations of AO activity determined polarographically with antiradical activities against DPPH and ABTS were significant (0.865 and 0.855), while the correlation with FRAP was slightly lower (0.841). A high correlation was found between DPPH scavenging and the AO activity of red and white wines determined by DC polarography (0.986). Lower correlations between Bermet AO activity obtained using DC polarography and TPC, as well as DPPH scavenging, in comparison with previously reported 14 correlations for various red and white wines can be explained by the more uniform phenolic profile of wines. A wide variety of phenolics originating from various herbs and spices added contribute to Bermet AO activity to different extents.
Relative antioxidant capacity index (RACI): Relative antioxidant capacity index (RACI) was calculated by assigning equal weight to each of the used assays. As a relative index, RACI provides an accurate AO capacity ranking of foods. RACI ranking for the investigated Bermets is presented in Fig. 2 . 
O n L i n e F i r s t
Positive values of RACI ascribed to red Bermets decrease from 1.99, obtained for the red Bermet produced by Kiš vinery, to 0.33 for the red Bermet produced by Aleks. The only exception is the red Bermet produced by vinery Živanović with a negative RACI value (-0.16). All white Bermets showed negative RACI values (0.51-1.99), with the highest value obtained for the sample from vinery Kiš, and the lowest values observed in Bermets obtained at laboratory scale.
Phenolic Antioxidant Coefficients (PAC): Introduction of PAC allows for a more comprehensive understanding of AO properties of complex samples containing numerous individual AOs. In contrast to high correlations between AO activities determined by various assays obtained by regression analysis, introduction of PAC values stresses the discrepancies between them. For example, the highest AO activity, according to all assays used, including FC, and consequently the highest RACI, was found in Kiš red wine; however, its PAC values varied from highest PAC SA , PAC TEAC , very high (second to last) PAC HPMC to medium PAC DPPH and low PAC FRAP .
The red wine with the lowest RACI had the highest PACHPMC, medium PACFRAP and PACTEAC, but the lowest PACSA and PACDPPH. Differences between white wines were even more pronounced. For example, C2 white wine, with medium RACI values among white wines, had the lowest PACHPMC and PACSA and the highest PACTEAC, PACFRAP and PACDPPH.
As seen in Fig. 3 , there was a visible agreement between PACHPMC and PACSA, particularly for white wines. Inverse order of PACHMPC and PACSA on the one hand and PACFRAP and PACDPPH on the other was observed for white wines.
Generally, red wines AO capacity correlated with TPC, rather than individual polyphenol content. This showed that both TPC and total flavonoids may provide a significant contribution to the overall AO status of wines, while total anthocyanins appear to be a less important factor in this respect. 31 The antioxidant potency of white wines was also correlated with TPC and with two major classes of white wine polyphenols, total hydroxycinnamates (THC) and total non-hydroxycinnamates (catechin, epicatechin, gallic acid) (TNHC). 32 Reducing effects are likely to be exerted by the flavanol fraction, whereas antiradical efficiency is primarily due to the sum of total hydroxycinnamates and total flavonoid contents. This suggests that the overall AO status of white wines 33 is the result of a synergy between these two factors.
The different ratios of major phenolics present in red and white wines, as well as large differences in their individual AO activities determined by the AO assays used in this study, may be responsible for the PAC variations. The AO activity of flavonoids measured previously by HPMC was found to be remarkably higher than the activity of both cinnamic and benzoic acids 34 . In contrast, according to spectrophotometric assays, higher activity was observed for cinnamates and gallic acids. For example, the catechin/CGA activity ratio was 3 when determined by HPMC, 1 when determined by FRAP and DPPH and 0.7 by ABTS. In addition, some physiologically active substances such as methylxanthines, hop bitter acids and methylpyridinium were found to be active, according to HPMC assays but not according to spectrophotometric assays. 34 PCA analysis of red and white Bermets: The PCA allows for a considerable reduction in the number of variables and the detection of structure in the O n L i n e F i r s t relationship between the measurement parameters and the different samples of red and white Bermets that provide complementary information. The full auto scaled data matrix, consisting of the obtained results, was submitted to PCA. A scatter plot was obtained for samples using the first two principal components (PCs) from PCA of the data matrix ( Fig. 4) , to visualize the data trends and the discriminating efficiency of the used descriptors. The angles between corresponding variables indicate the degree of their correlation (narrow angles corresponding to high correlations). As can be seen, there is a clear separation of the sixteen samples of red and white Bermets, according to the used AO assays and FC. A distinct discrimination between the commercial Bermets and those obtained at laboratory scale is also evident. The orientation of the vector describing the variable in factor space indicates an increasing trend for these variables. Samples on the left side of the graph showed better AO and FC scores, with increased HPMC, DPPH, TEAC, FRAP and SA values, as well as FC. The superior AO activity, for observed red and white Bermets, determined by the assays used, including FC, was observed at the left side of the graph. Red Bermets showed better AO results, according to PCA. The points shown in the first factor plane, which are geometrically close to each other, indicate a similarity of patterns. The geometrical location of different samples observed in the factor space was also indicative of the RACI value -the maximum RACI is observed at the left side of the graph. As can be seen from O n L i n e F i r s t Fig. 4 , the different groups of Bermets (red or white, commercially available or obtained at laboratory scale) were positioned along the first factor coordinate, in which the spectrophotometric assays were the most dominant. However, the differentiation of the samples within the same group could be observed along the second factor coordinate, in which the most dominant variable was HPMC polarographic assay. CONCLUSION Results presented indicate that the analysed Bermets, both produced commercially and obtained at laboratory scale, have AO capacities comparable to the AO capacities of wines, but generally slightly lower. We have found supporting evidence for the claim that parallel use of various AO assays is a prerequisite for reliable determination of AO activity. According to the results, the different groups of Bermets could be identified by commonly used spectrophotometric assays (ABTS, DPPH and FRAP), while the differentiation of the Bermet samples within the same group could be performed by HPMC polarographic assay. This paper has shown that it is possible to compare different types of Bermets by their AO activity and principal components analysis. This multivariate analysis allowed for a better differentiation among Bermet samples which could be necessary for authenticity control. Determination of total phenols by FC assay: Total phenol content (TPC) was determined spectrophotometrically according to a modified Singleton et al. 1 method with Folin-Ciocalteu's reagent. Briefly, 0.5 mL of the sample was added into a 50 mL volumetric flask containing 2.5 mL of Folin-Ciocalteu's reagent, 30 mL of distilled water and 7.5 mL of 20 % Na2CO3, and filled up to the mark with distilled water. Absorbance was measured after two hours at 765 nm, against a blank sample. Gallic acid was used as the standard and the results are expressed as mg L -1 of gallic acid equivalents (GAE). All measurements were performed in triplicate.
Determination of AO capacity by DC polarographic HPMC assay: DC polarographic assay was used according to a previously reported procedure. 2 The current-potential (i-E) curves were recorded using PAR (Princeton Applied Research) polarographic analyzer, model 174A, equipped with a X-Y recorder (Houston Omnigraphic 2000). A dropping mercury electrode (DME) with a programmed dropping time of 1 s and a mercury flow of 1.22×10 -3 g s -1 was used as the working electrode, saturated calomel electrode (SCE) as the reference and a Pt-foil as the auxiliary electrode. Clark Lubb's (CL) buffer (pH 9. O n L i n e F i r s t into 19.9 mL of buffer in an electrolytic cell. Samples were gradually added into the electrolytic cell with the buffered H2O2 solution. Before recording each i-E curve, a stream of pure nitrogen was passed through the cell solution, for 2 minutes before the first recording and for 30 seconds after the addition of each aliquot. Inert atmosphere was maintained by passing nitrogen above the cell solution. The initial potentials were 0.10 V, and potential scan rate was 10 mV s -1 . DME current oscillations were filtered with a low pass filter positioned at 3 s. Decrease of the anodic current of HPMC (I) was recorded, starting from the initial value (I0), obtained by recording 5 mM H2O2 solution, to which the investigated samples were added, leading to a decrease in I. All experiments were performed in triplicate, at room temperature.
Determination of hydroxyl free radical-scavenging activity (SAHFR): Chemiluminescence (CL) was measured according to Parejo et al. 24 using a Jenway 6200 fluorimeter (Jenway Ltd, Gransmore, Essex, U.K.), keeping the lamp off and using only the photomultiplier of the apparatus. One millilitre of borate buffer solution (0.05 M, pH 9.0), containing CoCl2×H2O (2 mg mL -1 ) and EDTA (10 mg mL -1 ) was vortexed for 15 s with 0.1 mL luminol (100 mg/mL in a buffer solution) in a test tube. 0.025 mL of diluted wine (1:100 v/v with 50 % ethanol in deionised water) was transferred into another test tube with 0.05 mL of a H2O2 aqueous solution (5 × 10 -3 M). The luminol-buffer solution was added into the diluted sample and vortexed for 30 s. Immediately afterwards, the CL intensity plateau was recorded in a 1 cm path length glass cuvette. The Io/I ratio was calculated for each wine (decrease in light intensity in the absence of wine /light intensity after sample addition). The Io/I ratio for five different dilutions of quercetin in 50 % ethanol was plotted against concentration (µM). Io/I ratio was extrapolated onto the calibration curve to obtain the equivalents of quercetin.
Determination of free radical scavenging ability using DPPH radical: Antioxidant capacity was determined using the DPPH radical scavenging assay described by Brand-Williams, Cuvelier & Berset, 21 with some modifications. Briefly, 100 μL of the wine was added to 1.9 mL of 0.094 mM 2.2-diphenyl-1-picrylhydrazyl (DPPH) in methanol. Free radical scavenging capacity was evaluated by measuring the absorbance at 517 nm after 30 min. Antioxidant capacity was expressed as mmol L -1 Trolox equivalents, using the calibration curve of Trolox (0 -1000 μM), a water-soluble vitamin E analogue. All assays were performed in triplicate.
Determination of free radical scavenging ability using ABTS radical cation: The Trolox equivalent antioxidant capacity (TEAC) was also measured using ABTS radical cation decolorization assay. 22 Stock solutions of ABTS (7 mM) and potassium peroxodisulphate (140 mM) in water were prepared and mixed to a final concentration of 2.45 mM potassium peroxodisulphate. The mixture was left to react overnight (12 -16 h) in the dark, at room temperature. On the day of the analysis, the ABTS radical solution was diluted with ethanol to the absorbance of 0.70 ± 0.02 at 734 nm. All measurements were performed as follows: 20 µL of the wine was added to 2.0 mL of the ABTS radical solution and the absorbance readings were taken after exactly 6 min against the appropriate reagent blank prepared with 20 μL of ethanol instead of the sample. These results, obtained from triplicate analyses, were expressed as Trolox equivalents derived from a calibration curve constructed using standard solutions (100 -1000 µM).
Determination of ferric reducing/antioxidant power (FRAP) assay: The ferric reducing/antioxidant power (FRAP) assay was carried out according to a standard procedure by Benzie & Strain. 23 FRAP reagent was prepared by mixing acetic buffer, TPTZ and FeCl3×6H2O (20 mM water solution) at a ratio of 10 : 1 : 1. Briefly, 50 μL of wine was added to 950 µL of FRAP reagent. After 4 min, the absorbance of blue coloration was measured O n L i n e F i r s t SUPPLEMENTARY MATERIAL S3 against a blank sample. All measurements were performed in triplicate. Aqueous solutions of FeSO4×7H2O (100 -1000 μM) were used for the calibration and the results are expressed as mmol L -1 Fe(II).
